Translocation of "C-labeled assimilates in Early Prolific Straightneck squash (Cucurbita melopepo torticollis Bailey) through a 15-centimeter oxygen-deficient zone of the petiole was studied as a function of varying periods of anaerobiosis (N2 atmosphere energy level required to maintain the requisite structural integrity of the sieve-tube cytoplasm.
energy level required to maintain the requisite structural integrity of the sieve-tube cytoplasm.
Curtis (3) likewise concluded from experiments based on dry weight changes in bean leaves that phloem transport is oxygen-dependent. However, the differences between the treated and nontreated plants were small and of doubtful significance statistically.
By contrast, the extensive data compiled by Bauer (1), Willenbrink (19) , and Ullrich (17) rather consistently revealed no effect of oxygen deficiency on phloem transport. These experiments, however, were of relatively short duration, in the range of 3 to 24 hr and were based in the main on the translocation of fluorescent tracers, principally fluorescein.
The present paper is a further contribution to the problem of the oxygen dependency of phloem transport. Advantage was taken in this investigation of the apparatus and methodologies developed in this laboratory in connection with earlier studies on phloem transport in relation to low temperatures (16) . This method is based on measuring the rate of arrival at an active sink (young leaf) of labeled translocate of constant specific activity, and permits continuous, nondestructive rate measurements to be made.
Studies on the oxygen requirement for phloem transport have been made by Curtis (3), Mason and Phillis (14) , Bauer (1), Willenbrink (19) , and Ullrich (17) . The results of these studies are inconsistent and have led to different conclusions regarding the essentiality of oxygen in the transport process.
The extensive studies by Mason and Phillis (14) on cotton revealed that under certain conditions near normal rates of phloem transport may occur even after extended periods (up to 3 weeks) of stem anoxia. In only one series of experiments in which very drastic precautions were taken to ensure as completely anaerobic conditions as possible (including separating the phloem from lateral contact with the xylem, inserting a layer of waxed paper to prevent oxygen transfer from the transpiration stream to the phloem, and sealing off this stem region from the atmosphere by encasing it in a 20 cm long well of deoxygenated mineral lubricating oil), total inhibition of transport was achieved for a period of about 2 days. Even under these severe conditions, however, phloem transport partially recovered with time, reaching about 40% of the control rate at termination (162 hr) with evidence that recovery was still continuing. Mason and Phillis (14) attributed this recovery to gradual infiltration of atmospheric oxygen into the phloem through the oil seal. In general, they concluded that phloem transport does require oxygen and they postulated that this dependency is specified by the metabolic ' (Fig. 1A) were used in these experiments. Culture methods were essentially as previously described for sugar beets (5, 6) , except that the plants were grown under a bank of water-filtered 300-w reflector-flood lamps for the final 9 to 10 days of their growing period to promote greater elongation of the source-leaf petiole.
The apparatus used for measuring translocation rates has been fully described in earlier papers from this laboratory (5, 6, 16) . Briefly, the procedure was as follows: the blade of the source leaf was enclosed in a clear plastic cuvette and "Clabeled carbon dioxide, of constant concentration (500 i,u liter' of air), and constant specific activity (1.34 to 1.56 ,uc "C ml-' CO,, the actual value varying with different experiments), was circulated through the cuvette throughout the total time course of the experiment (except in the long term experiments, where the protocol was modified as described below). Simultaneously, the influx of "C into the sink leaf was monitored with a thin window G-M detector connected to a rate meter and recorder. Following isotopic equilibration of the transport molecules with the ambient "CO2 (considered to obtain when the rate of "C influx into the sink leaf became constant, usually within 140 min from the start of labeling in these experiments), any variation in the translocation rate would be measured as a corresponding change in the "C-accumulation rate in the sink leaf.
Sink leaves, at the physiological stage used in these studies, do not export assimilates (18) and hence function as one-way EFFECT OF PETIOLE ANOXIA ON TRANSPORT traps. Thus the "C-accumulation data were not confounded by re-export of "C. To avoid possible errors arising from retranslocation of labeled translocate from the roots to the sink leaf, a 1-cm stem zone located about 1 cm below the insertion node of the source leaf was heat-killed ( Fig. 1B) Figure 2 presents the results of four short term experiments. Following the start of N2 treatment (time 0 for petiole anoxia), the translocation rate declined rapidly, reaching a value of 35 to 45% of the pretreatment or control rate in 30 to 40 min and then recovering fully over the next 60 to 90 min, even though the conditions for petiole anoxia were maintained. This response curve is remarkably similar to the low temperature response curve obtained in sugar beets, when a 2-cm zone of the source-leaf petiole was subjected to a temperature near 0 C (2, 16). The kinetics are also quite similar to those obtained for sink-leaf anoxia in sugar beet (4) and suggest that a common mechanism may operate during at least the initial stages of inhibition.
The "standard decay" curve given in Figure 2 is (2) . These data establish with reasonable certainty that phloem transport may occur without impairment for extended periods of time through a zonal region physiologically characterized by very low levels of aerobic metabolism. Of interest, therefore, is the finding by a number of investigators (10, 17, 19, 20) that carbohydrate transport in the phloem is markedly sensitive to cyanide inhibition. No clear explanation of this apparent contradiction is presently possible, but several possibilities may be suggested as follows:
1. Oxygen is continuously supplied to the phloem tissue by the transport of dissolved oxygen in either the transpiration stream or assimilate stream or both, thus preventing anoxic conditions within the sieve tubes per se. A rough calculation, however, indicates that this oxygen source would be very negligible. Assuming the dissolved oxygen content in the transpiration stream to be 5 41 02 ml-water (the saturation value in equilibrium with the partial pressure of atmospheric oxygen), a transpiration rate of 1 g br-2, and a respiration rate of 500 ,ul 0. hr-1 g-2 fresh weight of fibrovascular tissue (12) , an oxygen supply equal to about 0.6% of the potential aerobic demand would be maintained (the fresh weight of the fibrovascular tissue in a 15 cm length of squash petiole was estimated to be 1.5 g). Thus it appears highly probable that anoxic conditions obtained throughout all petiole tissues in the anaerobic zone, at least for a substantial portion of the time course of these experiments.
2. The rates of energy supply by fermentation may be less under conditions of cyanide-inhibited respiration (aerobic fermentation) at the concentration levels employed in these studies than under conditions of anoxia (anaerobic fermentation). Lindenmayer (13) reports that the half-value for cyanide inhibition of fermentation in yeast is about 10 mm (compared to about 5 btM for respiration). Ullrich (17) 
